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Abstract

Field Work

The Peay bentonites belong to the basal Frontier Formation (Bighorn Basin, north-central
Wyoming), primarily outcrop in the Bighorn Basin, rest on an extensively bioturbated sandstone
unit, the Peay Sandstone, and are generally the thinner bentonitic unit. Beds of very light gray to
greenish gray bentonite are also abundant in the lower Frontier units between Kaycee and
Mayoworth (Powder River Basin) and are very rarely as much as 3 m thick. Bentonite occurs within
the interstratified shale, sandstone, and siltstone sequences of the lower Frontier unit throughout
much of the southwestern Powder River Basin. The purpose of this study is to use field,
geochemical, petrological, and zircon morphology data to establish a chemical fingerprint of the
original ash composition and to provide a tectonic and provenance interpretation. Peay units show
distinct mineralogy consisting of quartz, kaolinite, illite, smectite, mixed-layer clays, K-feldspar,
plagioclase, chlorite, calcite, and dolomite. Fairly uniform concentrations of SiO2, Na2O, CaO, MgO,
Al2O3, Zr, Ti, Nb, and Ni have been noted in the Peay bentonites, such consistent concentrations of
these elements in Peay bentonite samples imply that they have not been strongly modified by
secondary processes. Peay bentonite samples show a consistent geochemical trend towards the
alkali basalt field. On the basis of the similarity in gross stratigraphic development, feldspar
compositions and trace element geochemistry, the source for the Peay bentonites is most likely
located in the same general area. This is further supported by the presence of Ti-rich augite and
the distinctive zircon morphology. The uniformity of composition and similarity in stratigraphic
development of Peay bentonites over the region studied argues strongly against the
contemporaneous involvement of several extrabasinal volcanoes. Evidence for active Cretaceous
volcanism in the Idaho and in south-central Montana has been documented by Gill and Cobban,
1973. The Peay bentonites broadly correlate to the emplacement of batholiths in this region.
Igneous rocks in northern Idaho and north-central Montana have yielded isotopic dates similar to
those of the Peay bentonites (ca 90 Ma; Cobban, W.A., et. al. 2006; Obradovich, 1993; Obradovich
and Cobban 1975).

Figure 3. Thinly-bedded Peay (lower Frontier unit)
bentonite near Alkali Anticline, Wyoming. Thakur
Chaturgan (York College, class of 2006)

The Peay bentonites belong to the
basal Frontier Formation (Bighorn
Basin, north-central Wyoming), rests on
an extensively bioturbated sandstone
unit and is generally the thinner unit. It
is interstratified with soft sandy-to-silty
shale with Fe-oxide nodules. The Peay
bentonite is well-developed in the Cody
and Greybull area of the Bighorn Basin
(Figure 1). Beds of very light gray to
greenish gray bentonite are also
abundant in the lower Frontier unit
between Kaycee and Mayoworth
(Powder River Basin) and are very
rarely as much as 3 m thick.

Study Location
INTRODUCTION
Cretaceous rocks of the western
interior, particularly the Mowry
Shale and Frontier formation,
contain numerous bentonite beds
(Figure 1 - 3) derived from altered
pyroclastic materials. These have
enormous
stratigraphic
and
tectonic significance since they
form
essentially
isochronous
horizons with rock sequences
characterized by complex facies
relationships (Vakarelov, B.K.,
et.al., 2006). Although they tend
to occur widely, their usefulness in
stratigraphy has been limited to
comparatively
short-range
correlation due to the difficulty of
distinguishing one bed from
another. Their gross mineralogic
and petrologic features are, for
the most part, the same, and they
tend to vary in thickness. Color,
texture, and general appearance
(Figure 4-6) as much laterally
within individual horizons as
vertically between horizons. The
main focus of this study was to
establish a chemical fingerprint for
the bentonite units, particularly,
the basal Frontier bentonite beds
(the Peay bentonites).

Figure 4. Peay bentonite rests on an extensively
bioturbated sandstone unit and is interbedded with
sandy-to-silty shale with
Fe-oxide nodules. Bentonite usually resembles popped
popcorn because of loss of water from the
montmorillonite with accompanying shrinkage.

Stratigraphy
Bentonite occurs within the interstratified shale,
sandstone, and siltstone sequences of the lower
Frontier unit throughout much of the southwestern
Powder River Basin. The purpose of this study is to use
field, geochemical, petrological, and zircon
morphology data to establish a chemical fingerprint of
the original ash composition and to provide a tectonic
and provenance interpretation. Peay units show
distinct mineralogy consisting of quartz, kaolinite,
illite, smectite, mixed-layer clays, K-feldspar,
plagioclase, chlorite, calcite, and dolomite. Fairly
uniform concentrations of SiO2, Na2O, CaO, MgO,
Al2O3, Zr, Ti, Nb, and Ni have been noted in the Peay
bentonites, such consistent concentrations of these
elements in Peay bentonite samples (Figures 6-14)
imply that they have not been strongly modified by
secondary processes.
extrabasinal volcanoes.
Evidence for active Cretaceous volcanism in the Idaho
and in south-central Montana has been documented
by Gill and Cobban, 1973.

Figure 1. Location map of study area

Figure 14. Geochemical
plot of TiO2 vs Zr. Peay
(patterned with +) and
Torchlight bentnites
(Upper Frontier, open
circles) show their
distinctive paleo-tectonic
setting in the source
region. Plate tectonic
setting and compositional
boundaries are followed
after Pearce and Norry
(1979). ORB (ocean ridge
basalts)

Figure 15. Geochemical
plot of Zr/TiO2 vs Nb/Y. The
magma field classification
scheme of Winchester and
Floyd (1979), as shown in
this diagram, characterizes
the original ash
composition of the Frontier
bentonites.

Figure 2. Frontier lithofacies and
field characteristics of bentonites.
View publication stats

Figure 5. Peay bentonite resting on bioturbated
basal Frontier sandstone.
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The purpose of this study is
to use field, geochemical,
petrological, and zircon
morphology data to
establish a chemical
fingerprint of the original
ash composition and to
provide a tectonic and
provenance interpretation.
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